Preceding the study of the effect of digitalis upon coagulation of the blood, the reliability of the Lee and White method was determined in 173 normal adults. The effect of digitalis was then studied in cardiac patients before and after coinpenation and with normal controls in eaegroup: digitalis in clinical doses; addition of heparin to the blood; the heparin tolerance curve; the substitution of methyl methacrylate (Lucite) tubes; liver function as determined by excretion of bromsulfalein; prothrombin times.
M ETHODS for the measurement of the coagulation characteristics of the blood have been extended and refined markedly in recent years. Studies of the effect of container surface upon clotting'-6 have led not only to further understanding of the underlying process but to clinical tests based upon prolongation of the coagulation time by certain plastic surfaces. Deceleration of the coagulation of blood in vitro by the addition of heparin has also been developed into a standardized procedure.7' 8 Similarly, the use of diluted plasma in the prothrombin determination9'-" and serial measurements of blood clotting time following an injection of heparin, "the heparin tolerance curve,"'2-14 have been employed as means of increasing the accuracy of measurements of small changes in the plasma or blood clotting constituents.
With the use of both the older methods for measuring blood coagulation and these refinements, the results of certain studies on altera- These contradictory conclusions concerning one of the effects of digitalis led to the following investigation. In addition to studying the influence of digitalis upon the rapidity of blood coagulation, an examination of the reliability of the Lee-WVhite test for blood clotting was made. Subjects. Group IV: Sixty adult individuals, predominately male, all with established organic heart disease were selected. All the patients had had a definite episode of congestive failure, during which they had received digitalis leaf (USP XII) in therapeutic doses with definite improvement, and were continued on a daily maintenance dose of the drug at the time of the determination. All individuals were compensated and ambulatory at the time and were receiving no other medication. The mean of simultaneous bilateral arm determinations of the coagulation time was used for each patient. In this Group V: Ten adult individuals, both male and female, with organic heart disease were selected. All the patients had received digitalis leaf (USP XII), crystalline digitoxin or lanatoside C in excessive doses and manifested signs of frank digitalis intoxication (scotomata, anorexia and nausea, diarrhea, pulsus bigeminus). Sixteen determinations were made while the manifestations of toxicity persisted.
METHODS AND RESULTS

Standardization
Results. The mean blood coagulation times of the two groups (IV and V) receiving digitalis is presented in table 2. The group of 60 cardiac patients who were receiving a maintenance dose of digitalis at the time of the test had a (GORGE C. SUTTON mean clotting time of 11.9 minutes (S.1) = ±2.4 minutes) with a range of 11.5 minutes. In the group of 10 persons with frank digitalis intoxication, the mean coagulation time was 11.6 minutes (S.D. = ±2.1 minutes) and a range of 8.0 minutes.
Both of these groups thus had a coagulation time which was longer than in the control groups (I, II and III) by approximately one and onehalf minutes, but this time is less than the observed standard deviation for the procedure. Subject. Thirteen adult male individuals, 10 of whom had compensated organic heart disease, ant 3 of whom had neurologic disorders.
Results. In each of the 13 cases studied, the injection of heparin produced a definite transient prolongation of the coagulation time.
Comparison of the graphic representation of the individual's response to heparin was made before, and after, the administration of digitalis. Criteria for this comparison were, of necessity, rough. A change was considered to have occurred when the several respective coagulation times forming the peak of the curve, or maximum prolongation of clotting, differed by approximately 20 per cent or more.
In the group studied, no difference in the curve before and after digitalis was observed in ;) individuals. Three subjects showed depressed curves of shortened coagulation times, or a lessened response to heparin, after the digitalis. The remaining 5 had elevated curves of lengthened coagulation times, or an increased response to heparin, after digitalis. Subjects. Fourteen adult individuals, all male, and all of whom had organic heart disease with unequivocable right heart failure with hepatic enlargement were studied. None of these men had any clinical indications of intrinsic liver disease. Studies were carried out at the time of hospital admission for heart failure, before any medication and, if initally abnormal, after compensation by the use of bed rest, salt restriction, digitalis, and diuretics.
Results. Comparison of the coagulation time, bromsulfalein retention test, and undiluted plasma prothrombin time of the group of fourteen individuals before and after compensation is presented in table 4. The coagulation times before (10.5 minutes) and after (11.2 minutes) normal individuals selected as a control group were scattered so much as to make comparison of the control to any other group difficult. The mean diluted plasma prothrombin time of this small group was 56.5 seconds. Accordingly diluted plasma prothrombin time determinations were not employed in the study of the cardiac patients.
In the analysis of all results, the standard deviation, a, was calculated according to the formula o = A wX when "X" is the de-4(n-i1) viation of the observations from the mean, and "n" the number of observations. The coagulation time of an individual must differ by at least twice the standard deviation from the mean in order to be considered probably abnormal. On such a basis normal blood coagulation times would range at least from a minimum of 6.4 minutes, to a maximum of 14.4 minutes. These figures, which are only minimal limits, emphasize the limitations of the determination, the large experimental error and the great individual variation. They also reveal the impossibility of detecting small changes in the coagulation time of either individuals or groups of individuals by means of this method.
This experimental limitation was encountered in the studies on individuals receiving therapeutic digitalis administration. The mean coagulation time of this group was 11.85 minutes; an increase of 13.5 per cent over the control group. This figure falls well within the expected range, however, and cannot be considered a significant variation from the normal. Similarly, the mean coagulation time of the group with frank digitalis intoxication is not significantly different from the control group. These results can be compared with those of Sokoloff and Ferrer2l in their study of 10 cardiac patients, also using the three tube method. Before digitalization the group had a mean coagulation time of 9.45 minutes and S.D. of ±+ 1.55 minutes; during therapeutic digitalization the mean was 9.50 minutes with a S.D. of ±+1.41 minutes.
Further examination of the effect of the therapeutic use of digitalis upon the coagulation time of blood under special conditions also revealed no alteration. The coagulation times of the control and digitalis groups determined in both glass and Lucite test tubes, with and without the addition of heparin, showed no significant difference. The prolongation of the clotting time observed when the blood is heparinized or placed in a plastic tube causes the element of surface drying and evaporation to become an important factor in altering the accuracy of the determination. This is shown by the observation that the apparent coagulation time of heparinized blood in a plastic tube was not geater than the time in a glass tube, although it would be expected that the effects would be additive. The increase in the coagulation time with both procedures (plastic container or heparinization) favors the development of a dried surface film which does not flow, although the blood beneath the surface frequently remains liquid. The formation of the film makes the determination of the true clotting time difficult and inaccurate and also emphasizes the importance of the changes of the blood-air surface in blood coagulation time The results obtained with the present experiment are interpreted as being in keeping with these views that dilution of the plasma for prothrombin determinations involves more than one factor, i.e., the dilution of prothrombin, and that the value of using diluted plasma for the prothrombin determination is doubtful. 2. Studies on groups of individuals of the effect of digitalis in therapeutic and toxic doses upon the coagulation time of blood determined by several different methods and upon the "heparin tolerance curve" revealed no detectable change from the normal. Change in clinical status from cardiac failure to compensation similarly produced no alteration in blood coagulation times, bromsulfalein retention test and prothrombin times.
